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Abstract 
During 2000-2010, Thailand’s energy intensity has rapidly increased because of fast economic growth which may 
correlate to an increment of electricity consumption and CO2 emission during 2010-2030. Emission reduction in the 
power sector is a significant issue to develop a sustainable power system. The objectives of this study are to analyze 
impacts of CO2 reduction targets on Thailand’s power sector and to determine equivalent carbon taxation. Regarding 
optimization manner, the Asia Pacific Integrated Model (AIM/Enduse) was applied to several scenarios including 
Business-As-Usual scenario (BAU), 20% 40% and 60% of emission reduction targets, as well as, carbon taxation. In 
2030, the cost optimization shows that when the reduction target is at 60% and a carbon tax of $200/tCO2, CCS 
technology is selected. 
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1. Introduction 
The high growth rate of electricity demand is often related to an increase in GDP and the quality of 
life. Thailand’s electricity demand had been grown rapidly at an average rate of 13% per year between 
1986 and 1997 and it grew at an average rate of 5% per year until 2006. Thailand’s load forecast is 
expected to increase by 4.13% per year or 9,793 GWh per year during 2012-2030 [1]. The main fuel for 
power generation in Thailand is natural gas which accounted for 72.8% of total power generation in 2010. 
Coal and lignite were also used by 19.8%. A small proportion of heavy oil was used by 0.7% due to 
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expensive energy resource [2]. The dependence of natural gas in power generation has been concerned 
with the security of electricity supply in terms of fuel diversification. 
Due to economic development and population increase, electricity demand growth in developing 
countries has contributed to increasing CO2 emissions in the power sector. In the recent years, it has been 
acknowledged that adverse effects of climate change needs to be studied over a long period [3]. Signed in 
1997, the Kyoto Protocol to the United Nations Framework Convention on Climate change (UNFCCC) 
requires reduction of greenhouse gas (GHG) emissions by industrialized countries. Developing countries 
such as Thailand are not legally required by the protocol to reduce the GHG emission [4]. However, 
environmental protection is a serious challenge in power sector development to be a part of low carbon 
society. The power generation expansion planning (PGEP) needs to consider more efficient generating 
technologies for satisfying the electricity demand growth. Thus, Thailand launched two important plans 
which are the 20-year Thailand Power Development Plan (PDP) of 2010-2030 and the 10-year Alternative 
Energy Development Plan (AEDP) of 2012-2021. PDP 2010 substantially focuses on energy security and 
sufficiency of power generation. Meanwhile, AEDP promotes the aspects of environmental concern and 
renewable energy utilization. 
This study investigates the prospects for CO2 reduction from the Thai power sector during 2010-2030. 
The effect of the CO2 emission reduction target on the development of clean technologies was analyzed. 
An Asia-Pacific Integrated Model (AIM/Enduse) is used to analyze effects of CO2 reduction target and 
carbon taxation. The AIM/Enduse relies on the concept of the bottom-up optimization model developed 
by National Institute for Environmental Studies (NIES) Japan [5]. 
2. Electricity sector in Thailand 
Electricity Generating Authority of Thailand (EGAT) and their subsidiary companies are accountable 
for Thai power generation. 
2.1. Electricity generation 
In 2010, the electricity generation was at a level of 163,668 gigawatt-hours (GWh). Conventional 
thermal fuels, particularly natural gas, met nearly all of Thailand's power demands. Natural gas-fired 
generation contributed to 72% of the total electricity supply in 2010 according to EPPO, followed by 
imported coal and lignite as the second largest feedstock with an 18% share. Oil-fired generation, mostly 
comprised of fuel oil, makes up only 0.4% of the power mix [6]. 
2.2. Electricity consumption 
The share of electricity consumption by sector in Thailand was similar to that in the past. In 2010, the 
total consumption of the country increased by 10.5%, compared with that in the previous year, reaching 
the amount of 149,301 GWh. The economic sector accounting for the highest share of national electricity 
consumption was the industrial sector, holding a share of 46%; while the household and commercial 
sectors accounted for a share of 22% and 15%, respectively [6]. 
2.3. CO2 emission in the power sector 
The totalled CO2 emission from power sector is 90.79 million tons in 2010. CO2 emission from the 
petroleum product had decreased continuously since 1987 to 2010. On the other hand, coal/lignite and 
natural gas play a major role in CO2 emission due to increased volume of energy use. Natural gas is the 
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largest CO2 emission source in the power sector which accounted for 57.99 million ton or 64% of total 
CO2 [6]. 
3. Methodology 
3.1. Energy system modeling 
Many organizations have solved the problem which concerns that of global warming. The uncertainty 
of natural process such as carbon cycles, the rise of temperature and the heat uptake by the oceans, and its 
effects on human activities for instance, social activities, population growth, economic development and 
the introduction of new technology. Many scenarios are set up to prepare and consider various 
possibilities for developing appropriate policy. 
Scenario refers to how the situation would change when it is difficult to measure quantitative 
estimation. Scenario has been used for numerical models. Mostly, scenario is an important tool which is 
linked with the model to analyse the policy-based decision.  In the past decade, many models were 
applied to the global warming problem. Because global warming is such a long-range phenomenon and is 
complicated by many uncertainties, it is essential to examine several possibilities to help in the 
formulation of adequate policies [7]. A relationship between population growth and economic growth are 
also important in these scenarios. When the population growth rate decreases, the productivity can 
increase and economies develop. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig.1. The overview of the methodology. 
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Fig.2. The structure of Thai power sector for AIM/Enduse model. 
3.2. AIM/Enduse optimization model 
Asia-Pacific Integrated Model (AIM/Enduse) is developed by the National Institute for Environmental 
Studies (NIES), Japan. The model relies on a bottom-up optimization model to determine the optimal 
technology selection [5] and the corresponding CO2 emission. Based on the concept of a dynamic 
recursive model to solve the problem for multiple years, the total system cost of technology selection is 
minimized year by year subject to various related constraints. AIM/Enduse model selects combinations of 
energy technologies to minimize the annual cost of energy service demands.  
The main objective of bottom-up analysis is to create quantitative description of technological 
structure of energy conversion and use. This involves the demand of comfort and mobility for energy 
services which include technologies with both demand and supply.  
CO2 reduction target is analyzed in this study for Thailand’s power sector and also used to determine 
the equivalent carbon taxation. Three main scenarios are baseline scenario, carbon taxation scenario, and 
reduction target scenario. Fig.1. shows the selected technologies in the AIM/Enduse model which are 
linked to corresponding energy consumption which satisfies the service demand in the power sector and 
also correlates to the CO2 emission, in the last procedure. The technology mix and energy consumption 
can be analyzed the CO2 reduction target and also carbon taxation [8]. 
3.3. Scenario description 
The Business-as-usual (BAU) scenario follows the current trend by using the official government 
policy. This scenario aims to show the future trend of current policies, strategies and how they are shaped 
with the power sector in 2030 including the energy carrier and technology options. Capacity expansion 
and supply options follow the Thailand Power Development Plan 2010 Revision 3. Thus fuel type 
diversification is examined to reduce the dependency of natural gas. The regression method is applied to 
the Office of National Economic and Social Development Board (NESDB) projection of GDP growth 
rates during 2011-2030. The renewable energies are also promoted in this development plan. The policy’s 
target is to increase the share of renewable and alternative energy by 25% instead of fossil fuels. The total 
capacity of renewable energy at the end of 2030 accounts for 29% of total capacity in the power system 
[9]. The highest share of the renewable energy comes from solar power which accounts for 3,802 MW. 
Fig.2. illustrates the structure of the countermeasure scenario which includes the clean technologies and 
energy efficiency improvement.  
A policy option on carbon taxation is introduced into counter measure scenario. The carbon tax is 
added to the fuel costs. According to carbon content in fuels, the CO2 emissions vary due to the efficiency 
of power plants. Three levels of carbon taxation, $200/tCO2, $400/tCO2 and $800/tCO2, are applied in  
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Fig.3. Energy supply for power generation. 
 
 
this study. Although the carbon taxation adopted in this study is higher than the other studies, for example 
US$5, US$7.5 and US$10/tCO2 in the case of introduction of biomass-based plant in Thailand [10]. 
However, the introduction of the clean technology such as nuclear power plant and carbon capture storage 
(CCS) is sufficient to make these technologies competitive with the fossil-based power plant. In this 
study, CO2 emission from nuclear power plant includes mining and milling, conversion, enrichment, fuel 
fabrication, and transportation [11].The CO2 reduction target is applied to the optimization model. Three 
levels at 20%, 40% and 60% CO2 reduction target are considered in the counter measure scenario to 
investigate the characteristic of CO2 emission. The CO2 emission reduction depends on the usage of the 
energy in each technology. This scenario would help to consider which appropriate technology can reduce 
the CO2 emission via using less input energy. 
4. Results and discussion 
The results are presented in terms of  the change in electricity demand over the timeframe horizon of 
Thailand’s Power Development Plan (PDP) according to the economic development and population 
growth, the energy consumption, the service supplies and the CO2 emission together with the reduction 
target and carbon taxation. 
4.1. Energy supply for power generation 
Due to Thailand being a fossil fuel dependent country, the share of natural gas is highest in the base 
case, followed by PDP, for electricity generation because of their low emission compared with coal. 
Around 22% of natural gas consumption decreases in the countermeasure scenarios according to the 
introduction of new coal thermal power plant because of its cheaper fuel cost. However, the nuclear 
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power plant emerges as an available option when the 20% of CO2 reduction is introduced. Nuclear power 
plants are selected to optimize the energy system because of their low generation cost. In 2030, the energy 
generation from nuclear power plants increases around two folds in 40% CO2 reduction scenario in 
comparison with 20% CO2 reduction scenario. However, carbon capture and storage is introduced when 
the reduction target is at 60% while the nuclear power plants continue to increase. Moreover, coal 
consumption steeply reduces while the reduction target increases. 
The carbon taxation is added in the fuel cost for making clean technologies competitive with other 
fossil-based electricity generation and to reduce CO2 emission. This policy option directly affects the high 
carbon content fuel and forces the optimization model to choose the fuel with low carbon content. The 
electricity generation from coal releases high CO2 emission which contributed to the global warming. The 
coal consumption is diminished by the introduction of carbon taxation in 2030 while natural gas 
consumption increases when the greater carbon taxation is presented. In 2030, CCS is another choice to 
reduce CO2 emission. This technology can capture the CO2 emission from the power plant and store in 
long-term isolation from the atmosphere. Nuclear power plant and natural gas combined cycle with CCS 
are the options with the introduction of carbon tax at $200/tCO2 and $400/tCO2 in 2030. However, the 
energy consumption of nuclear power plant in $400/tCO2 scenario decreases from 423 Mtoe to 147 Mtoe 
or decreases around 65% in comparison to $200/tCO2 and uses more CCS in 2030. The shift of energy 
consumption from nuclear power plant to CCS plays a major role when carbon tax at $800/tCO2 is 
introduced. The energy consumption of this scenario is almost the same as BAU scenario. However, in 
2030, around 80% of coal consumption in this scenario is less than the BAU scenario due to their high 
carbon content intensity. 
4.2. Future additional power generation 
Table I presents additional power generation that is required in the BAU scenario. It is noted that coal-
fired power plant would provide 103 Mtoe of electricity production for entire planning horizon due to its 
low initial investment cost and fuel price. The gas-fired technology would also be selected with respect to 
generation share in the base year 2010. The CCS technology would be introduced in the case of carbon 
taxation higher than $200/tCO2 and would also dominate all candidate technologies in the case of the 
highest taxation of $800/tCO2 in 2030. On the other hand, the introduction of CO2 reduction target would 
affect promotion of nuclear power. It implies that this is the cheapest mitigation option for the 
forthcoming Thailand’s power system. The nuclear power is capable of providing 20% and 40% of CO2 
reduction targets. Nonetheless, the natural gas combined cycle power plant would be needed in order to 
achieve 60% of the reduction target because nuclear power plant cannot provide sufficient CO2 
mitigation. 
4.3. CO2 emission reduction target 
Owing to the increase of electricity demand, total CO2 emissions are also estimated to increase in the 
future. Fig.4a. illustrates the CO2 emission with 20%, 40% and 60% reduction targets during 2010-2030. 
Under BAU scenario, the CO2 emission is estimated to reach 3,378 MtCO2eq. However, the total CO2 
emission under the 20%, 40% and 60% reduction target scenarios are less than BAU scenario by around 
330, 728 and 1,145 MtCO2eq, respectively. The coal-based power plant is selected because of low fuel 
cost. From 2015 onwards, the trend of CO2 emission shows decreasing GHG emissions in 20% and 40% 
CO2 reduction targets according to the shift from fossil fuel-based power plant to nuclear power plant. For 
60% CO2 reduction target, the emission is significantly reduced due to nuclear power plant and the CCS. 
The carbon taxation is the one of important mechanism for CO2 emission reduction. High-carbon-content 
technologies will be degraded by the optimization model since taxation is included into the objective 
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function. Unlike the BAU scenario, clean technologies such as natural gas combined cycle with CCS and 
nuclear power plant turn up to be the major contributor to power generation in the carbon taxation 
scenarios. 
In order to stabilize the CO2 emission in 2010, a carbon tax of $200/tCO2 is recommended. As a result, 
the nuclear power plant is selected. The capital cost of this technology is expensive compared to other 
clean technologies; however, the nuclear power plant has higher efficiency than others and the energy 
consumption clearly defines this situation (see Fig.3.). However, the tax rates of $400/tCO2 and 
$800/tCO2 would force cleaner technologies to be selected in the AIM/Enduse model. The nuclear 
technology is replaced by CCS technology in 2030. 
 
 Table 1. Future additional power generation 
                        Unit: ktoe 
Scenario 
Technology 
Coal Nuclear Natural Gas (NG) NG with CCS 
BAU 103,477 - 43,210 - 
CM 146,688 - - - 
CM$200T - 139,584 - 7,104 
CM$400T - 48,383 - 98,305 
CM$800T - - - 146,688 
CM20%CO2 99,408 47,280 - - 
CM40%CO2 57,393 89,295 - - 
CM60%CO2 15,291 125,644 - 5,753 
 
 
a)                 b) 
 
 
Fig.4. a) The CO2 emission in 20%, 40% and 60% CO2 emission reduction target. b) The CO2 emission in $200, $400 
and $800 per tonne of carbon dioxide. 
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5. Conclusions 
This study examines the prospects for CO2 reduction in the Thai power sector during 2010-2030. The 
effect of CO2 emission reduction targets on the development of clean technologies is analyzed in this 
paper. The Asia-Pacific Integrated Model (AIM/Enduse) is used to analyze CO2 reduction targets and also 
carbon taxation. The nuclear power plant emerges as an available option when the 20% of CO2 reduction 
is introduced. The energy generation from nuclear power plants increases around two folds in 40% CO2 
reduction target when compared with 20% CO2 reduction target scenario. However, carbon capture and 
storage is introduced when the reduction target is at 60% reduction target. The coal consumption is 
diminished by the introduction of carbon taxation in 2030 while natural gas consumption increases when 
the higher carbon taxation is introduced. In 2030, CCS technology is the option after the introduction of a 
carbon tax rate of $200/tCO2. In order to stabilize the CO2 emission in 2010, a carbon tax rate of 
$200/tCO2 is recommended. 
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